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ABSTRACT

An exact Markov approach is used to caiculate the
attrition suffered by a number of identical targets subjected
to sequential missile attacks. Various missile-allocation
situations are examined. An APL program is presented.
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A MARKOV APPROACH TO LARGE MISSILE ATTACKS
Maurice M. Mizrahi

INTRODUCTION

This paper exactly calculates the atiritica suffersd by a number of
targets in a formation subjected to sequential missile attacks., The targets
could be a raid of enemy bomber aircraft attempting to penetrate several
layers of missile defenses, such as missile=firing fighter aircraft or surface-

to~air missiles,

Specifically, we will calculate the distribution of the number of sur-
vivors of & set number of attacks with given parameters, for various missile-
allocation situations, and the expected number of missiles fired. The emphasis
will be on eliminating the complexity arising from a large number of missiies
attacking simultaneously. APL programs for these calculations, written by Paul
E. Klebe and the author, are presented in Appendix A,

ASSUMPTONS AND METHODOLOGY

The targets are identical, and the missiles in a given attack are

identical and fired simultaneously. Let
be the initial number of targets
M. be the maximum number of missiles fired in the ith attack

p. be the probability of kill of 1 missile against 1 target
in the ith attack

k be the total number of attacks.

Three cases will be examined, differing in the manner in which the missiles
allocate themselves and the number of missiles fired. The first 2 cases reflect
random targeting: the missiles allocate themselves randomly among all the
available targefs (Case I) or among a specific number bi of targets -- say the

closest bi targets (Case 11). Under those assumptions, if no target is present

no missile is launched, but if at least 1 target is present all Mi missiles are

launched. This corresponds to the situation where the defense sees only a blob
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of targets and cannot tell them apart, or where the missiles cannct be pre-
cisely guided, The last case (Case |11) reflects perfect targeting: the
targets can be distinguished individually and only 1 missile is allocated
per target, up to a total of Mi in the ith attack. Thus, no target can be

hit by more than 1 missile in Case i},

It is assumed that the targets do not shoct back, or that, if they do,
an adjustment is made to the Mi of the next attack. A target is either killed

(it "disappears'') or it is intact: no intermediate states are considered.

A simple Markov chain will be used in every case. The state of the system

after the ith attack 1is therefore described by an (n+1) - dimensional vector,

S. = (Py Py oee P) (1)
where Pr is the probability that r targets are present (have survived). The

initial state is

Sp=(00 ...01) . (2)
The transition matrix T' corresponding to the ith attack depends on P; and
M. (and also on b, in Case I1). T' is an (n+1) by (n+1), trianguiar,

(Mi-+]) - diagonal matrix. After the kth attack, the system is in the state

™ =S, 7T T° ... T . (3)

The problem, therefore, reduces to calculating the transition matrices
corresponding to each of the 3 cases. Once that is done and the final state
Sk is obtained, one can extract the relevant statistics. Let Sk(i) (for

i =0,1,...n) denote the ith element of § Then:

k.




& The expected number of targets surviving the k attacks is:

. (4)

@ The standard deviation is:

n 4 2 )%
o= | D528 - [Z i sk(j)} . (5
j=0 j=0
® The expected numher of missiles fired is:
. (6)

where E(i) is the expected number of missiles fired on the ith attack. In

Cases | and |1, we have:
E(i) = M, [1 - si_,(o)] . (7

The above reads: Mi missiles (the maximum for the ith attack) multiplied by

the probability that there is at least one target present after the (i -I)ED_

attack.
in Case Ill, we have:
r
n
J Si'l('j) for Mi Z n
j=0
(i) Z"'
E(i) = . .
Y i j s}
j=0
+ M, [s. ](M;bl) + co0 + 8. (n)] for M. <n. (8)
9 i i i i-1 i




The above reads: if the number of targets present after the (i ~1)th attack
is less than Mi’ then only as many missiles as there are targets are fired,
and i¥ Mi targets or more 2.e present after the (i -!)Eg_attack, then Mi

missiles are fired.

CALCULATION OF THE TRANSITION MAYRILES

The dependence of Mi’ P;s bi’ and T oni (the attack number) will be
dropped in this section for simplicity. Let the elements of the transition matrix
T be:

Ti' = probability that exactly i targets survive given that j
4 are present (i,j = 0,1,...n).

For purposes of use in Equation (3), it will be understood that i denotes the

column and j the row.

Case |: Random Targeting with Missiles Spread Among All Targets Present

This 1s the most difficult transition matrix to calculate. We have:

0 if j-~i<0 or j-i>M
(9)

-
ti

i] P

.. otherwise,
1)

where

o
il

s . Ki+...tk, k. k.
T M(q) ____,.ﬂ4~*__.3 1 L (1-s 1H)...(]—S J)(]O)
1 K, k! K.} ?
]ﬂ 2’... j.

s = 1~p 1is the survival probability, and the sum extends over 211 kr ranging

from 0 to M but subject to the constraint that their sum be M({ i] kr=rﬂ. We
r=

will first derive this result then simpltify it.

Derivation of Transition Probability

We are looking for the probability that i targets survive if j are pre-
sent, Label the j targets 1 to j. Assume that targets 1 to i survive Efter

.

being targeted by k, to ki missiles, respectively, (probability: s In..s

1
and that targets i+1 to j are shot down after being targeted by ki+l to kj




k.

Kis) i
Jeso(l =5 "), The k's must sum

missiles, respectively (probability: (1-s
to M since there are only M missiles in the attack. There are M!/(k]!kzis..kj!)
di fferent ways of allocating k] missiles tc target 1, kz missiles to target 2,
etc., and k. missiles to target j. Thus, the probability of a given com-
bination is [M! /(k thy! j3)] /k; [M!/(kylkzl...kj!], which is

M /(k 'kz' ') according to 'the multinomial expansion. Finally,
there are (J) dlfferent ways of choosing the i survivors. This leads to

¢he sum in equation (10).
Simplification of Transition Probability

The sum[equation (10)] for the transition prebability contains an exceedingly
large number of terms and must be simplified for actual evaluation, even by
computer. The basic approach in simplifying equation (i0) is to get the summand

to reproduce the well=known multinomial expansion:

M 1 2 j
Py Py ...pj J P (1)
k'kl, .k:
16 2. ] J

M
(P1+P2+=°~+Pj) =

where I means, as before, the sum from kr =0 to kr = M, the sum of the k's

always being M.

The quantity we want to reduce is

k +oau+k- k' k.

A= 2 : M f(1-s -8 ) (12)
kytkpteeaks!

Consider the auxiliary quantity

k. +...+k. b., . k. b.k.
F(b)= E s | (1-s i+ 1+]).M.(’.-s; 3y, ()
k2."° l




We have, of coirse,
A=F() . (13a)

The integral

1-s"= X | v du (14)
s

enables us to put F(b) in the form

Fo) = [ du M: ate
g a.s 1+'| e o0 J' k 'k \ k , s
'l- 2-005 J'o
b, k: ;- b.k.-
i+10i+] ‘ -
X b_i+1 e bj k1v+‘l s e kj ui'*'] coe UJ'J J (]))

where sums and integrals have been interchanged. The identity

k -1 Bubk
kK = (Log u)7 55— (16)
puts F(b) in the form
1 1 1 ..
F(b) = ! ;‘dui+] cow dug by eee DU,y eee ug) 7 (Log u)'
, R, LI u.‘j{nkm L 23k
_I o e 0 e )
CLRRPRL L SERR J
(17)

e s SR R 0y Y 3D N D P e T b A ks s D o R




The sum in equation (17) is easily recognized as the multinomial expansion of

(is + C Bl RS u; 4}, The derivatives can now be taken. The identity

M M-1

g%-(a+ub) u M(a+ub) uP Log u (18)
gives
J=i b. b. M
3 Gis + u. 3V o .+ ul J)
b4y i+ J
. b. b, M-(3-1)
= (Log u)d” M(M=-1)...[M-(j- 1)+1](1s+u 1+]+...+uJ. J)
b. .
i+l J
X Ujpp eee U5~ s (19)
which puts F(b) in the form
F(b) = M(M-1). .. [M-(j-i +1]f fdu T
S M=j+i
%! u j_](1 +u %541 + +u bJ)
U_i+-| e s j S 1+'| ss e j ° (20)

The quantity we want is then

= F(1) = M(M-1)...[M=(j-i +1].)f J/. (is + u. ig] T e
M-Jj+i

+ uj) du1 4 v duj . (21)

o cart




The integral can now be evaluated b repeated use of

1 1
+ \n¥] - {a+s n+
}fdx(a+x)n = ~$§ﬂl*—h - 1( ) . (22)

S
The result, which can be estabiished by induction, is

-1 o M
A = (037 (2 v Geas (23)

d=0

The transition matrix is vher: “ore:

0 if j-1i<0 or j~-1i>M
j -1 (24)

. Jj-i
[ -M . S s 3 . M

J (%) E (-1)371 d (‘]dT)[cH(jmd)s] otherwise.
d=0

This form for Ti' is far more tractable than equation (9). Indeed,
equation (10) quickly becomes unwieldy as M increases, but that is not the
case for equation (23), which is a simple sum ¢f not more than n+ i terms. In
other words, the number of missiles M is no longer a limit on the "'tractability'" of
the problem. The number of targets n is still a limitation, however, but a mild

one: the number of elements in the transition matrix grows as n' .

TOo is understood to be 1. Note that along the diagonal (i =] #O)Tij = sM .

n
Note also that I Ti' = 1 as expected. Detailed calculations for n=10 bhave
verified that eqbzgions (9) and (24) give exactly the same To:e

Case !l: Random Targeting, with Missiles Spread Among a Specific Number of Targets

Let us now assume that the M missiles allocate themseives randomly among

only the ciosest b targets, Let T.ij be the gen=ric transition matrix element




(probability that i targets survive when j are present). If b > j, this
restriction makes no difference and there is no change in the transition matrix
Tij of equation (24). But if b < j, T,ij is the same as

T. . . . .
i-(j-b), j-(j-b)
Therefore, the full transition matrix in this case is:

0 if j-i<0 or j-i>M
. ce
T = 'rij if j>b (25)

Tisb-], b otherwise ,

with Tij in equation (24).

Cuse I11: Perfect Targeting -- QCne Missile Per Target

In this case the distribution of survivors follows a simple binomial

distribution, and the result is:

el (1-p) for i< <M
=i =341 . . C .
Tij = (‘]-p_lll.)pJ 1(1-;)_)' IV for M o< j < M+ioand j> i (26)
0 for M+ i<j or j<i,

For example, if n=10 and M=5, the 11 x11 transition matrix for

arbitrary o is (notation: a,bc means apb(l- p)€):

1 0 0 0 0 0 0 0 0 0 0

p i-p 0 0 0 0 0 0 0 0 0

p? 2,11 (1-p)? 0© 0 . 0 0 0 0 0

p* 321 3,12 (1-p)°® O 0 0 0 0 0

p* 431 6.22 4,13  (1-,, O 0 0 0 0 0

p* 541 10,32 10,23 534 (1-p)* 0 O 0 0 0 (27
0 pb 541 10,32 10,23 518 (1-p)* 0 0 0 0

o o pt 5,41 -10,32 10,23 514 (1-p)* O 0 0

0o 0 0 p? 541 10,32 10,23 5,4 (1-p)®* O 0

a 0 O 0 p} 5,41 10,32 10,23 5,14 (1-p)* 0
0o 0 O 0 0 pb 5,41 10,32 10,23 5,14  (1-p)




APL programs for the various calculations presented here are available.
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APPENDIX A
APL PROGRAMS FOR ATTRITION CALCULATIONS

This appendix contains APL programs, written by Paul E. Klebe and the author,

which calculate the attrition based on the method described in the text.

The first listing is given In table A-1. Examples for each of the three
targeting modes are given in tables A~2 to A~h. In the case of random allocation
among only the closest b targets, only the case b=M has been coded. Further,
the probability of kill P and the number of missiles per attack M are the same

for each attack. There are 6 inputs to the program:

@ N = number of targets
® K = number of attacks
@ M= number of missiles per attack
®© P = probability a missile kills its target
! 1 for random allocation among the closest M targets

oTeT 1 for random allocation among all targets present

2 for perfect targeting

1 if N, M, P and TGT have not changed from the previous run (so that

transition matrix does not have to be recalculated)
8TEST
0 otherwise.

The program is initiated by keying in
(TGT, TEST) RUNNOW (N,K,M,P)
with the appropriate values substituted for the variables. If it is desired

to make it interactive, keying in

GETDATA
will cause the program to ask for the required inputs by name, This is shown
in table A-5,

L
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The output returned by the program is as follows:
@ A list of inputs
The transpose of the transition matrix T (not T itself in order to save space)
The number of targets surviving
The standard deviation of targets killed
The expected number of missiles fired
The initial state vector

The final state vector

® ® 0o @ @ © 6

The sum of final state vector elements (as a check: it should be 1j.

This program, written by P. Klebe, is an original improvement over an earlier
version by the author in thet, in order to save space, the transition matrix T is
handled as a vector whose elements are only the nonzero elements of T. 7his
enables the program to run for large values of N, for which the size of (he T
matrix is prohibitive. An example of this is provided in table A-€, i, e the
case n=100 is treated. In cases when N ic :z2rger than 10, only the n .ze: 5
elements of T are printed in the output, as shown. For very large values of
N, the number limit on the factorials may be reached and the program will not
~un. Rouncoff errors may also be introduced for large N, due to the very small
values of the elements of the final state vector. (This is particula-iy evident

in standard deviation calculations‘)o

Running time is of the order of seconds, at worst minutes, even for large
N. Note that under perfect targeting and random targeting among closest M, no
more than MK targets will ever get targeted. Thus, if MK<N, the input N can
te chosen equal to MK and N-MK added tc the number of survivors given by the

program., This reduces the run-time.

———

]Example: N=50, K=5, M=6, P=.1, TGT=1, The program correctly calculates 4723
survivors, but the final state vector elements sum to 1,01, which causgs ag
in (5) to be -10.9. This is why a statement was introduced definingT “ to be
the larger of the calculated value and 0.

A-2
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The functions used in this program are:

@ ® © ©® o o o

The overall control function RUNNOW

The interactive function GETDATA

TMRI, which calculates the transition matrix for the case TGT = 0
TMR2, which calculates the transition matrix for the case TGT = !

TMR3, which calculates the transition matrix for the case TGT = 2
SUM, which calculates the sum in equation (24) of the main text

NOMISP, which calculates the successive state vectors and number of
missiles fired under perfect targeting assumptions
NOMISR, which calculates the successive state vectors and number of
missiles fired under random targeting assumptions
BIGDATA, which handles large transitions matrices (N larger than 10)

OUTPUT, which organizes output presentatiosn.

In certain cases, however, it is usefu! to be able o hanzile the actual

transition matrix T, as opposed to a vector substitute {or it. The following

program, written by the author, performs the same functions as the previous one,

but handles the T matrix as a matrix. Therefore, it cannot handle values of

N that are larger than about 70 for an 85,000-byte workspace.

There are 4 inputs to the program:

number of targets

number of attacks

number of missiles per attack

. X X 2
]

probability a missile kills its target
The program is initiated by keying in:

PERTAR for perfect targeting,

RANTAR for random targeting among all targets present, and

RANTARM for random targeting among the closest M targets.

The output returned by the program is the same as before. A listing is

given in Table A-7 and examples for the 3 targeting modes are given in table

A-8.

The functions used are:

The 3 overall control functions PERTAR, RANTAR, RANTARM
The functions calculating the state vectors:

NOMISP for perfect targeting and NOMISR for r&.dom targeting
The 3 functions TM{, TM2, and TM3, calculating the transition matrices
for the 3 targeting modes: random among closest M, random among all, and
perfect, respectively.

A-3



JLOAD KLEBE

SAVED B0/10/29 17.00.13

IFNG

BIGDATA GETDATA NOMISF

TABLE A-1
LISTING QF FIRST APL PROGRAM

NOMISR OUTFUT RUNNDW SuUM TMRL THR2 TMR3

TARGETS» NUMBER DF SUCCESSIVE ATTACKSs '
MISSILES IN EACH ATTACKy THE MISSILE FROBABILITY OF KILL'®

TARGETING» 2 FOR RANDDOM TARGETING'®

SPREADN AMONG ALL AVAILABLE TARGETS'
SPREAD AMONG A SUBGROUF OF M TARGETS'

'TYPE 1 IF THE T MATRIX IS SAME AS IN PREVIOUS RUN -- DTHERWISE TYPE 0°

YRIGDATALCOlV
v BIGDBATAIRKCICTIVTY
£11 SFPACE
£21 ‘'UALLUJES OF NoM»SIZE OF T°
£33 NeMorT
43 SFACE
£51 2{TEST=1)9p0
L6 CACKRC¢0
£L23 ‘THE TRANSPOSE OF THE TRANSITION MATRIX T ISt °
rel PBRERLINIUTE14MLN-CA
L1 '"T4F7.4' 2 (CASTLRCH VT
L1613 KCeRCHVT
111 S(N:CaA+CA+1)eBERLIN
-/
eGETDATALDI®
v GETDATA
i3 SPACE+"' !
£L21 0ige«0
£33 'LIST THE NUMBER OF
r43 ' THE NUMRER OF
(93 FEST+O
L& SPACE
73 'TYPE 1 FOR FPERFECT
(el TGT«3-0
rel P(TCT=2)e BOSTON
L10] SPACE
ri1l ‘TYFE 1 TIF MISSILES
ri123 ' 2 IF MISGSILES
133 7TGT¢2-0
['141 ROSTON:SFACE
L1581 SPACE
161
(1731 TEST«O :
L1813 (TGT-TESTIRUNNOW PEST
v
TNOMISPLN]Y
T NDOMISFIATIVTJJ
il EMe0Q
23 AT¢1
L3] ST¢«+50
r41 MNeEMLN
[5Y GGIRT«1-4+/STO1MN]
LA EMEEME (MNXRT) 44 /STTIMNIX A MN
€731 JIEKCEO0
CRBI ROMEIVT¢1EMLN-~JJ
el STCLJJIeH/STLLIVTIXTERCHWVUTI
L1073 KCeRKCHVT
€111 4(N:JJe)I4+1) s ROME
L1121 2HK:ATCATHL)eGO

v



A-1 (con't)

YNOMISRLOIY

¥ NOMISRIATIVTII
€13 ENeO
21 ATE+1

£33 ST«S0
£41 GGEMtEMENX1~STLO)
L33 JIEKCeO
£61 ROMESVT¢1+MLN~JJ
[73  STLJJIet/STOIIHVTIXTIKCHIVTY
[B1  KCeKCHVT
[23  9(N:JJeJJ+1) pROME
L1017 -(K:AT¢AT+1)rGE
P
vOUTPUTCOIY
¢ OUTPUT
£13  NAME«3 32¢ 'RANDOM TARGETING AMONG M CLOSESTRANDOM TARGETING AMONG ALL
£23  SPACE
£33 NAMELTGT$1 I PERFECT TARGETING
€41  SPACE
£S)]  ‘THE INITIAL NUMEBER OF TARGETS IS '#Nj
€61  'THE JUMBER OF SUCCESSIVE ATTACKS IS '3Kj
£73  °'THE NUMBER OF MISSILES IN EACH ATTACK IS '#M#
[B] ‘EACH MISSILE KILLS ITS TARGET WITH PROBABILITY '$P$
[?3  SFACE
Li01 -+ ((NrM)»10)eFARIS
£111 KC¢CAeO
£123 'THE TRANSPOSE OF THE TRANSITION MATRIX T IS¢ °
£131 SFACE
£147 MADRIDSVT+14MLN-CA
€151 KTeN+1-CA+UT
£161 9 Se(CAPO)» TEKCHIVUTI» (OTKT)IPO
£171 KCeKCHUT
£181 - (N:CA¢CA+1) e MADRID
£191 PARISISFACE
£203 'THE NUMBER OF TARGETS SURVIVING IS '$SE$
£213 °*THE STANDARD DEVIATION OF TARGETS KILLED IS '3SDj
£221 ‘THE EXFECTED NUMBER OF MISSILES FIRED IS ‘JEM$
£231 SPACE
£243 'THE INIITIAL STATE IS °
[251 10 7¢S0
£263 SFACE
¢271 °THE FINAL STATE IS °
£283 10 7vST
£291 SPACE
£301 'A15F6,.2'v('SUM OF FINAL STATE ELEMENTS SHOULD BE 1 -- IT IS! '$4/ST)
£311 4CINFMI<11)p0
£323 BIGDATA



A-1 (con't)

TRUNNOWLO I
¢ BAKER RUNNOW ABLE:ST2
(o o TGT+BAKEREO]
£21 TEST+BARERLC11]
£31 MAT1¢3 4e ' TMRITHMR2TMRI
L473 NeABLELO]
£S5 KeaBLEDCLD
LAJ MeABLEL2]
L7131 FtABLEL33
Lel MAT2¢3 4p 'NOMISRENDMISRNOMISE®
£931 SO+ (Nrp0O)Y» 1
L1077 (TEST=1)eLDNDON
L1111  «MATICTSTS
C127 LONDONISPACE
£131 eMAT2CTOTH 1
L1473 TeaNtl
£1i83 FEe¢4/1x8T
£163 ST2¢(+/(I%2I%8TI-(+/IxQTHIw2
L1711 ST2¢ST270
Ci81 SheSTR2%0.5
L1921 OUTFUT
e
TSUMCOSY
9 SIGeT SUM JIVARFCLBi#D
£11 Derld4Clie)-I
L23 DieDn=)
3] UAR+"142x21C1+1
C41 SIGE(IINX=/VARX(BICL I X(RNL$SX1-DL )M
v
STMRICOIw
¢ TMR13G88Is.JvV
Fi13l TECLO e IENFLIH(MXOTN-MIF((I4B8)XGEMLNI+2) 0
£21a VeT1¢0
£33 SR (S¢1-F) M
C471 LOOPSU+TI41
£51 TOVI1¢GK
61 Vel
L7131 $(I=N)pSTEP
£81 LOPS2(J-T+MIPSTEP
£23 TLVIE(I-O0rJ-MISUM JLM
£103 WVey4t
Ci13 2 (NezJedt1)ellOP
£1i23 STEPS(NzI¢+I4+1)eLOOF
£i31 TLOl¢1
v



A-1 (con't)

?THR2COI®

T THMR23S5IsJsV
L1131 Te(LO3FNF1H(MXOTN-MI+ (148 XS+MLN)+2)p0
L2 Lel+Q
£33 SKE(Se1—P)wM
LA LOOFiIJeI+1
£53 TLVIeSK
L& Veu+l
£71 H{I=N)prSTEF
£83 LOFIS(I-T4MIPSTEP
Lol TCVYI+I SUM J
C10] Veytl
Ci1d - (Nzdedti)elOP
L1271 STEPI2(N:zI¢I4+1)eLLOOF
£131 TrLOJe¢1

%

TMR3ILNDIY

? TMR3#S#Is sV
£il TECLO FANF 1L (MXOTN-MY+((LE4S)IXSEMLN) <2300
£zl YeIeQ
CIT 7 TERE(SE1-PIaM
£47 LOGP3J&I
£S5] LOFPI-(I»I4MIPSTER
£Lé61 TEVIC(PrJ=-TI%CCI=-I) S ILMI XS%T-O0 J~M
L7131 YeU41
€8l ANz e LOP
£9] STEFI2(N:I¢I+1)eLO0OP
C10) TLGl¢1

©



TABLE A-2

EXAMPLE OF FIRST PROGRAM FOR RANDCM

TARGETING AMONG M CLOSEST TARGETS

(O0r0) RUNNOW (1054059.5)

key In

RANDOGH TARGETING AMONG M CLOSEST

THE INITIAL NUMBER OF TARGETS IS 10

THFE NUMBER OF SUCCESSIVE ATTACKS IS 4

THE NUMBER OF MISSIIFS IN EACH ATTACK IS 8

EACH MISSILE KILLS ITS TARGET WITH FROBARILITY 0.5

THE TRANSPOSE OF THE TRANSITION MATRIX T ISS

1.,00000 0.76B75 0.5%644 0.15818 0.02197 0.00120 0.00000 ©.00000 ©.806000 0.00000 0.00000
C.00000 0.03125 0.41211 0.509286 €.22332 0.04200 0.00120 0.00600¢ ©6.00000 06.,00000 0.00000
0.00000 G.00000 0.,03125 0.30i31 0.46692 0.25500 0.04200 0.00120 0.00000 O0.00000 0.00000
0.00000 0.00000 0.00000 0,03125 0.255647 0.43800 0.23500 0.08200 0.0¢12¢ 0.000060 0.00000
0.00000 €.00000 0.,00000 0.00000 ©0.03125 0.23255 0.43800 6.25500 0.942006 0.00120 C.00000
0.00000 0.00000 0.,00000 ©.00000 0.00000 0.,03125 0.232335 0.43800 0.25500 0.04200 0.00120
0.00000 0.000CC 0,00000 0.00000 0.00000 ©.00000 ©.023125 0.23255 0.43200 0,25500 0.,04200
0.00000 0.,00000 0,00000 €.C0000 0.00000 ©0.00000 0.00000 ©0.03125 0.232685 0.43800 0.25500
0.00000 0,00000 0.00000 0.00000 0,00000 0,00000 ©.00000 0.00000 0.03125 0.23255 0.43800
0.00000 0.00007 0.00000 0©.00000 0.00000 0.00000 0.00000 §.”0000 C€.06000 0.03125 0.23235
0.00000 0.000006 0.0000C 06.00000 0.00000 0.00000 0.00000 0,00000 0.00000 0.00000 0,03123

THE NUMBER OF TARGETS SURVIVIMG IS 2.04

THE STANDARD DEVIATION OF TARGETS KILLED I8 2.49
THE EXrECTED NUMRER OF MISSILFS FIRED IS 20

THE INTITIAL STATE IS
0.0000000 0.0000000 0.0000000 0.,0000000 6.,0000000 0.0000000 &.3000GOG 0.0000000 0.0000000 0.0000000 1,0000000

THE FINAL STATE IS
0.1454055 0.2340347 0.2455101 0.186343% 0.1065119 0,0453583 0.0134313 0.0027948 0.0003703 0.0000284 0.0000010

SUM OF FIMAL STATE ELEMENTS SHOULD BE 1 -- IT IS 1.00



g \%;w' Y

TABLE A-3

EXAMPLE OF FIRST PROGRAM FOR RANDGM

TARGETING AMONG ALL TARGETS PRESEKT

€1,0) RUNNDY (10+4:5:.5) «f= key in

L4
RAMDOM TARGETING AMONG ALL

THE INITIAL NUMBER OF TARGETS 18 10

THE NUMRFR OF SUCCESSTVE ATTACKS IS 4

THE NUNMBE® OF MISSTLES IN EACH ATTACK IS S

EAcH MISSILE KILLS ITS TARGET WITH FROBABILITY 0.5

THE TRAMSPUSE OF THE TRANSITION MATRIX T ISt

1.00000 0.96875 0,.55664 0.158i8 0.0?197 0.00120 0,00000 0.00000 0.066000 0€.0000¢ 6.C0000
0.00000 0.03125 0.41211 0.509286 0.2233% 0.04200 0.00289 0.00000 0.,00000 0.C0000 ©0,000060
0.00000 0.00000 0.03125 0.30131 0.44692 0.25500 0,057687 0.00449 0.00000 0,000600 ©,00000
0.00000 0.00000 0.00000 G.03125 0.25647 0.42000 0,27247 0,07028 0.00641 0.00000 0,00000
G.00000 0.,00000 0.00000 0,00000 0.03125 0.23255 06,41775 0.28309 0©.08011 6.00800 0©.00000
0.00000 0.00000 0.00000 0.00000 0.00000 0.0312% 0.21776 0.40296 0,.28999 0.08802 ©0.,00945
0.00000 0.00000 0.00000 06.00000 0.00000 0.00000 0.02125 0.20774 0.39173 0.29473 0$.09450
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,00000 0.03125 0.200G1 0.38294 0.29813
000000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0,03123 0.198505 ©.3I7589
000000 0.00000 0.00006 0.00000 ©0.00000 0.00000 0.000600 0©.060000 0.00000 0.03125 0.192078
0.00000 ©.00000 0.00000 0. 00600 0.00000 6.00000 0,00000 0@.000600 0.00000 0.00000 06.03123

THT HUMBER OF TARGETS .GURVIVING IS 1.72

THE STANDARD DEVIATION OF TARGETS KILLED IS 1.44
THE EXPOCTED NUMBER OF MISSILES FIRED I8 19.9

THE INTITIAL STATE IS
0.0000000 0.0000000 0.0000600 0.0000000 0.0000000 0,0000000 0.0060000 0.0000000 2.0000000 G.0000000 1.000000C

THE FINAL STATE IS
0.2350293 0,25784%0 0.2312548 0.1553414 0,0720975 0.0305080 Q.0087932 0.0018388 0.000263% 0.0000233 0.00060L0

SUM OF FINAL STATE ELFMENTS S8MOULD BE § -- IT I8¢ 1.00




TABLE A-b

EXAMPLE OF FIRST PROGRAM FOR PERFECT TARGETING

(250) RUNMOM (10+4,5,.5)

FERFENT TARGETING

THE

THE

1,
0.
G.
0.
C.
0.
ol
.
0.
0.
O‘

THE
THE
THE

Ré

INITIAL NUMELR OF TARGETS I8 10

THE HUMBER OF SUCCESSIVE ATTACKS IS 4
THE NUMBER OF MISSILES IN EACH ATTACK IS S
EACH MISSILE KILLS

TRANSPOSE CF THE

00000  0.350000
00006 G, 50000
00000 0.,00000
C0000 0.00000
00006 0.,00000
00000  0.00000
00600  ©0.00000
00000 0.C0000
00000  0.00000
50000 0.00000
Q0000 0.00000

179

THARGET WITH FROBABILITY

TRANSITION MATRIX T IS?

0.23000
0.30G000
0.25000
0.00000
0.00000
0.00000
0.00000
6.00000
0,00000
0.06000
0.00000

0.12500
G.37500
0.37500
0.12500
0. 00000
Q.00QG0
0.00000
0. 00000
0.00000
0.00000
. 00000

0.06250
0.25000
0.37500
Q.25000
0.062506
0.00000
0.00000
0 «00000
0.00000
0.00000
©.00000

NUMBER OF TARGCTS SURVIVING 15 1.44
STANDARD DEVIATION OF TARGETS KILLED IS 1.23
OF MISSILFES FIRED IS 17.1

EXPECTED MUMEBER

THE INIITIAL STATE IS
G.0000000 9,0000000 0.0000000 0.000G000 0.0000000 0.0000000 0.0000000 D.0000000 0.0000000

THF FINAL STATE 1S

0.03125
0.15425
0.31250
0.31250
0154625
0.03125
0.00000
0.00000
0.00000
0.00000
0.,00000

0.0000¢
06.03125
0.15625
0.31250
0,31250
0.15675
0.03125
0.00000
0,00000
0.00000
0.00000

0.00000
$.00000
0.03123
0.19428
0,31250
0,.31250
0.154625
¢G.031235
0.00000
0.00000
0.00000

0.00000
¢.00000
0.00000
0.0312%
0.15405
0.31230
0.31250
0.1%625
0.03125
0.00000
0.00000

G.00000
0.00000
0.00000
0.00000
0.03125
0.15625
G.31250
0.312580
0.15625
0.03125
0.00000

0.2377138 0.3460693 0.2413464 0,1120377 0.,0421381 0,0147858 0.0045206 0.0010872 0.0001812

SUM OF FINAL STATE ELEMENTS SHOULD BE 1 -- IT IS!

1.00

A-10

6. 00000
0.00000
Q.00000
0.00000
0,00000
0.03125
0,15625
0.31250
0.31250
0.15625
0.031235

0.0600000 1.0000000

0.00001%91 0.0000010



TABLE A-5

EXAMPLE OF INVERACTIVE VARIANT OF FIRST APL PROGRAMZ

& GETDATA
LIST THE NUMEER OF TARGETSe: NUMEER OF SUCCESSIVE ATTACKS»

THE NUMBER OF MISSILES IN EACH ATTACK, THE MISSILE FROBARBILITY OF KILL

= 109475795

TYPE 1
- 2
TYPE 1

. 2
= 2
TYPE 1
= 0

FOR FERFECT TARGLCTING» 2 FOR RANTOM TARGETING

IF MISSILES SFREAT AMONG ALL AVAILARLE TARGETS
IF MISSILES SFREAD AMONG A SUBGROUF OF M TARGETS

IF THE T MATRIX IS SAME 43 IN PREVIOUS RUN ~~ OTHERWISE TYFE O

RANDOM TARGETING AMONG M CLOSEST etc. (Output is s in Table A-2).

B means "‘key ir'.

A-11
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fABLE A-6

EXAMPLE OF FIRST PROGRAM FOR LARGE NUMBFR
OF TARGETS (N > io)@

(Deu) RUMNY (100520050, 1) = Key in

FANTOM TAPCETING ANONG M 2L OSEST

TEZ ORI MNEari i OF TACTETS 1€ 100

T iR O THORTSSTUE ATTACRS 1S D0

THD g6 0F MITOTYS TH TACH ATTANK IS §

Food gns it r RS 1S TARGEY WITH PROSABTE TTY 0.2

TV e GF TARRT 0T PNRVTIVING TS 9009
T STAUDARD T UTAT I QF TaRCEIS W NIED 1S 2.83
T e CTen pOMET R0 MINSTLES FIFTh T 100

THE TEIITIAL STATR 19 '
G ONON0ON B CAALOAT 6LAN0RBO0 ¢ L00N0000 0,000000) 0,0000080 0,:.00000 0,0000000 0.0000000 0,0000060 3.002000Q 0.,0000000

SISINY ¥ o 7 N0 ! 0.0000000 0,00

SO0 AL O C LG S, 0000010 G, 0000000 0.07CANG 0,.000000N D, CN000C0 O 0200000 0. 000CHN0 0. 0N00000
GoOna N CNBAT AN P AGOCONN 0000000 ALC00NGON 0, 0002GH0 0,06000000 ¢, 000000 00000000 0, C000NNN 0, 0000000
J.ﬁdﬁﬂﬁ“ O COCUONY AL CODOIND OL0NNNEAN O EONCHGE DL EN0GNL0 0, 0080300 0, Q0NCG00 0.0300070 00000030 .00
GO0 L0 AON O AANNOND O 0NN (L CARANE0 0L 0000000 0L CON00O0 (L 0D0C0N 0.0003000 0, 0D0NN00

(L OO,

ODNO (o D
2 0655\0“ Liﬁ‘-' L ONJANN L OG0 WD O, 0000000 QLNTUON0 ¢ 0NG0000 0,00Q0MC00 0.0000000 0.0000000 0,0000000 0,00
ﬁ*;ﬁﬂ Vo D0 CODED QL O0CONNN O 03A0NN (0, TOIDCON 0L, 0NCTONN O 0000000 0, 00N0N00 0.CH000 0, 0000000 0.0000000

o QARG O, \“.OGDAHUU 0,0000 500 0.000GENS O, OB0G00N AL AN0NGN0 0,000000C 0.0000000 0,0000000 0.0000000 0.00
U;ﬂ“o O ENA00NG CLADOCON0 OO0 AL QOGeDCY O 0lNT0N0 0L 000008 0L, 0000000 1.0000000

THEFIeAL S1ATE 16
hﬂﬂ QL OENOCANA A A0NID0N D O0ONINY 0, 0000007 O, C0M0000 0.30000C0 0,3000000 ¢ 00N0000 0.0QOOOO“ A, Q000000 0.0002000
LOLNANAG 0L, 030300 A CAQOgON AL OSDONTE QL C00N000 0L CH0CO00 0.0000000 DL AARO0AN O,000000) 0.0000000\;‘00
ST QL ODAAGDN O, NeND Y S CO000NY GL00000 0 O 000NN 0L0000000 O, OAXNNNO 0, 0800000 O G0MNN00 0.(:0&- (2
Rt Ve E A S Y TR L A0 O, 0TI D AADCINE VL Q00000 0L, 0000000 0000000 0L cO00000 Q.OOOOO:DNﬂ.ﬂO
' SOHCCIAN L6 TARAS 0L TR0 0L ARAIANA 100NN 0, 0000060 0,0030030 0, 3C0N; 0,030000 0.¢AN0300
CCANGEN DL AAGANT N (AN N O, 00 G0 A0RRR0 0L ATDOAAN O, 0ADCHON AL G000 0. 00000 Y O.G0C0000 0,00
ol QL0000 B 000010, O, 0000053 0, 000100 0,000057°" O 0NIE7T 0.0004468
G0N ALOPTAATY QL1000 0L T A0S 01401707 0012

E YIS

[G T SLANE AP TURD TARRER TR IO AT LR P T N B A A S AR AT ¢ T LA} |
(R ATE BRI A A I S A TA RS AN A A I R AACUE A LR D N S |
TUI70 Q1001000 0,020 211 0L0AHATO O QT ERTAS 0L eNAN T QL0010 QL 0003005 0L 0N

CriM T THAY GTATE PRI NTS SR o1 UGS .90

“Mote: only the nonzerc elements of the transition matrix are printed. To
explain their location, it is best to give an example. Below is how the T
matrix in table A~2 would be printed in this format (obtained by keying in
BIGDATA after program execution).

BIGDATA .

VALUES OF N-MySIZE OF T ’ <
«0 5 U1

THE TRANSFOSE OF THE TRANSTITION MATRIX T IS
1,0000 0.9488 0.5%546 0.1582 0.0220 0.0
0,0313 0.4121 0.5093 0.2234 0.0420 0.0
0,013 0.3013 00,4469 00,2550 0.0420 0.0
0.0313 0.2565 0.4380 0,2550 0.0420 0.0
0:.0313 0.2326 0.43R0 0.25%0 0.0420 0,
0.0313% 0.2326 00,4320 02550 0.0420 0O
0.0313 0.2326 0.4380 0.2550 0.0420
0.0317 00,2326 0.4300 0.2050

0,03213 0.2324 0.4380

0.0313 0.2326

0.02132

“

SOVDNNE D WO

[y
MR AT o 55 6 SR s s o
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Values of
100 5

0oheen

G5 0%
0,507
O NI
00,00
£ A
"
0

34 0.5%C0
3T L0905

v 0.590%
G HE0E
0. 5405
G.5705
C.920%
03905

0.970%
00205
0,500
¢ 505

5RO
00,5908
[ A A
62 005705
€7 0.T%0N
GLa 0.0800
45 0,502
&¢ 0.5905

£7 0 <%
A0 0L0900

&9 0.0900
76 0.L50%

I 0.0%00

76

H0
tt
0"

83

(AR P A
[ A AL A
. n.nen
P e,
L FRFV I

- DT
LTI

N,M,.Size of T

591

n,34%0
0.347%0
0,745
N.24%0
0,7470
fr, 1070

220

6,470

. 20TH

. 032420

0.3470
0,24720
L £ Rl
0.70370
0,34%0

0.1470
0.343%0

T 0.3420

0.7470
Q. 3970
0.J34%0

T 0.34%C

0.3470
©.3470
0.2%470

T 0.7470

0.%430
0.2a70
C.?7470
0.3470
V.3420
343430
0,341
0,3420
0.3470

0.34320
0. 3470
0,240
d.3470
N.7%430
QL3880
0.3%430
0.3439
0.2 70

¢ V3470

[LPRE Kl

O 4330

0, Ta30

0,340
0. 3430
N.asL

0,340

RERD
BPRTRLS
0L

L0

Q0623
N,0627%
0.0422
0.0472
D043
0.0423
0,042
0.04
0.0477
0.0407%
SL0L23
0.0L23
0.Qe22
0.0473
Qi
0.0403
0.04DT
G.0f23
0.0523
0,0622
0.0627
N,04773
0.04673
0.0423
0.0473
00603
0.0622
0. 0623
D060
008603
0,043
0,000
N 04628
0.0627
G0N
06,0023
D 0420
0.0422
0.0473
G003
Q. 0AM
N, 0803
Q.2
V. 0603
0.0423
£

0. 51450
[AF I RTH
RPRSRN

R EREY

AR RN

L0, 404D

0.,0047
0,007
(AT bl
04,0047
Q,0010
0.0042

0.00A]

¥

H.0nAan
G.0047
0.00AD
N.0604>
0,064
200,904

T 0, Anal
0.6047

0.00an
0.0047
0.N0A2
0. 04D
0. 004D
0.0042
0.0042

00,0042

G.00n2
n.0047

0.0042
0.0047

3 0.0042

C.Q0AD
D.0047
0,007

0.0047

0,000
0.0042
0.GH42
0.,0Na2
0.0042
0.0047
0.G742
0.c04a7
0.0042

0.0042

0.004"°
0.0042
O.O042
0.0012
0.0047
0.0042
Q.0042
C.0047
0.0042

0,00

0.0042
0.0042
Q.00
0.0040
0.0047

0.0y

t]

0.0042
[+ R AITH g

0.0N47

.00
0.0
0.0

Q0037

(L0 P

DIOE N
[ AR
0,000

3

(AT

000N
NLOo0
o, 00,

Qa0
EERUMLAR K
[SEEADR N
ALy e
L
S et
et datl
N A
APATZIR A R LT ]
ettt

LA |
[N VIR |
fr,0 ey
0. 0001
I\'.\()f}'I
H.,060H18
0,000
0N, 0001
0 .00
0.0001
00,0001
0, 0601
Nn.0N0Y
0.0001
0,000
6.0001
0.0001
.00
000N
0.0001
0.0001
0.0701
0.0001
nNL0on
0.000!
0.0001
0.0001
C.0001
N.0001
0.0001
0.0001
00,0001
0, 0001
00,0001
©.0001
0.0001
0.0001
9, 0201
01,0001
0,Qn01
0.0001
N800t
Q. Q01
©.0001
<¢.0001
0.0001
0.0001
0.0001
0. 0001
0.0001
0.0001
0.0001
0. 0001
. Q001
0.0001
0.Q001
0.0001
0.0001
0.0001
0.0001
~L, 0001
0.0001
0,0001
0.0061
0.0001
0.0001
O 0001
¢. 0001
.2001
0.0001
[aNsIile3 ]
2.0001

> 0. 5901

L0001
nL,onng
Q.on
f.N05,
n.000,
Q.NCOoL
0,090
OL300]
(R A’.‘("
R IAD |
C.udnyg
00000
0,0

LA Ta bl

0
LTI
0,00
YR LTI} )
U, aann
0.AG0H6
0.0000
a,0000
G a0Nno
[UREARATSTs
7.00N0
QL0000
0.0900
n.6500
0D.9090
0.0090
0.0G00
0,.0000
0.0000
0.0007
0.0000
0.0000
0.0000
0.0020
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
3.0000
0.0000
0.0000
0.0000
¢.0000
2.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00c0
0,000
0.0020
0.0000
0.0000
0.0050
0.0000
0.0000
0.0000
0.0000
n.0000
0.6000
9.0000
0.0000
0.00¢00
0.0000
¢,0000
0.0000
0.0000
0.0000
0.N000
0.0000
0.0000
0.95000
0000
0.0000
0. CON0
¢ . Q0G0
Q0000
0.0002
0.0G00
©.0000
0.0000
0,000
VL0080
06,0000
0,000
Q.0000
0,0000
0.0900
GOm0
Tea MOQ
[AREALLL N
Nannn
BRI ATARY ]
Q. AnAp
Qe
Gt

FRPRLTY W)
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TABLE A-7

LISTING OF SECOND APL PRQGRAM

vNOMISFIN e
v NUmISP
(11 AT eEMe0
23 STeS0
L33 GhHIAT+AT+HY
Lad EMeEM+ Mt/ (-OMNHL=-MItSTIH4/7 (MY —1 ) XMt 8T
[N ETeST4H0xY
{4&) 2(ATR YPGB
[ | FM .
v
vHOMISREO]Y
v NOMLSK
14 AT-EMeQ
3 S1€50
T2 GGHIATEATHY
.43 EMerMiMx1-5TLO]
5 STe«ST+4.xT
£asd S (AT<K)YPGG

£71 EM

K4

VEERTARCH D

v FERTAR
£11] FRERFECT YTARGETING RESULTE FOR ' sNs ' TARGETS®
] TEUEJECTED TO ‘HRF Y SUCCESSIVE ATTACKS» EACH ATTACK CONSTSTING'
tan ! OF UP TO 'iH7' HMISSILES, EACH MISSILE HAVING o PROBARILITY OF KILL OF 'sfs'.°
[ b e e e e e o et e e s ot s 1t o S S s i e e e e o o P e e S S A S e it S S i S v S v R S S i e 5 e S S S S e 0 S N B P e e i et St e e o !
%3 ™I
el GO (Np Q) 9 3

t7) CTHE EXPFECTED NUMBER OF MISSILES FIRED ISY!

[N NOMTISH

€91 "THE IMITIAL STAaTE ISs!

103 &0

111 THE FTMAL STATE 15Y!

12 8T

1733 THE SUM OF FTNAL STATE ELEMENTS SHOULD ®E 1 -- IT IS: '#+/S8T
C1AT 0 TeCaddly -

il Eed /T RSY

(IR TTHE EXFECTED MUMHER OF TARGETS SURVIVING I8¢ '3Ed
F120 SU2e(4/7 0«2 xST)~(+/TxST)Iw2

1i81 ShP«Gn2aro

tivwl GNeSH2

L2200 'THE STANDASRD NEVIATION OF TARGETS KILLED ISt '3SDé

%
vEANTARLCO]®
7 RANTAR
L1 CRANDIOM TARGETTING RESULTS FOR 'iN:' TARGETS'
I EL ! SUBJECTED T '#Ki ' SUCCESSIVE ATTACKSy EACH ATTACK CONSISTING'
) ! OF 'iMs' MISSILFSy E£ACH MISSILE HﬁUING A FROBARILTITY OF KILL OF '$Ps’.’
P41 b e e e e e e ot e st e e e et e e e 2 4 e e B B . 4 R R e S B e B o e e 2
{503 ™2

£61 SO«(MNeO) s 1

Ny PTHE EXPECTED NUMRER OF MISSILES FIRED ISt
€] NOMEGH

93 CTHE TNITIAL STATE IS

1103 ¢so
L1171 'THE FIMNAL. STATF IS¢
riz1 57

Y131 'Sl OF FINAL STATE ELEMENTS SHOULD BE & -- IT IS! '#4/8T
147 TeiN4d
1153 Fe4/0x8T
161  ‘THF FXPFCTED MNMUMBER OF TARGETS SURVIVING ISi ‘iE#
(173 CDoe(+/(Ix2)XST)-(4/1x8T)*2
Lie3 SI2«56270
£19]) SHeSH2%0.5
£201 'THE STANDARD LEVIATION OF TARGETS KILLED ISS '$SDS
9
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YRANTARMEO]I®
v RANTARHM
[ 'RANDOM TARGETING REGULTS FOR '$NJ‘' TARGETS
.23 ' SURJECTED TO '$Ki' SUCCESSIVE ATTACKS» FACH ATTACK CONSISTING' .
£31] ' OF *"#iM3' MISSILES, FACH MISSILE HAVING A PRORABILITY OF KILL OF 'sP8°'.!
£4) ! (MISSILES SPREADI AMONG CLOSEST '#fif' TARGETS)'
[ T —_—— - Bt ettt T
6] ™1
£71 SO+ (NPO)»y 1
L8l 'THE EXFECTEDN NUMBER OF MISSILES FIRED IS$' .
o3 NOMISK
101 *'THE INITIAL STATE I8S°
(113 SG
123 °'THE FINAL STATE I83°
L1313 &7
F141 'SUM OF FINAL STATE ELEMENTS SHOULD BE &t ~-= IT IS¢ *§4/ST
C151 I+#aN4d
f148) E«+/IxST
£173 ‘'THE EXPECTED NUMEER OF TARGETS SURVIVING ISt '$€$
CIH) SH2¢(4/(I%2)xST)=(4/Ix8T)e2
L1902 Sn2«SD21f0
L2031 SHeSN2w0,5
L2111 'THE STANDARD DEVIATION OF TARGETS KILLED IS! ‘*$SD}
L1
ISUMLIIe
9 SIGeSUMID
i) pe—1
£213 SIG«0
£3] Cled-1
L4 EED«D+1
£S5) Riep=Jd
£&1 IGHCTICI-MIX(DICH) X (DL (1-DI)IXS) M
] S1G+SIG+HIG
L8] S(D<C1YpEE
[93 STGE(XIJIXSIG
<
YTHILOIY
@ THMi
£1l 010+0
22 Sei-p
£ Te((N$1YeNEL) PO
43 1«71
9] LOOFSTeI41
LAl JeT1
7] LOP!Jed41
€8] A ((I=-11<0)V(JI-1I>H)eBB
£9) +(I=J)eCC
C10] -+ (H<)pYY
£113 FLA51]¢SIG+SUM
£123 REI(J<N)YPLOP
C13] 4(I<N)eLOOP
£14) TLO307¢1
151 °THE TRANSITION MATRIX T Isg°®
L1663 °°
£y71 7
rTi|ex -0
£19) CCITLId.0)¢SwM
L2021 . ABB-...
C21] YYilleX
L2221 JJ&d
£23] I«I4M-J
£24) &M
253 TLJUIEIIIeSIGHSUM
L2623 1«XIX
C273 Jedd
[28] +BB .
®

TABLE A-7 (con't)
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TABLE A-7 (can't)

CTMO L e
v OTM2
IR Y0
4 3
30 Foed{HYL Yot 8200
i J&71
O LOUP i Te T4
b e 1
r73  LOFSJe.S41
£en ST 03w )-TYrMre BE
ol AT Jye
C103 T LY 1eSTHe5HM
Ci1] BRS< (SN pl OF
C12) (= MYel.OOFP
F133 TEOs(Eel
142 TTME TRAMSITION MATHIX © 183!
L1511 '
fi631 7
L1731 20
L1803 COSTLT s tlehnM
£191 205
9
PTM3L I
¥ THMZ
{1T0«1
Vet (MA1Y 41y p0
1e0
LOOF3Tet 4t
0
L0 S e M1
e =3 (P l-foxli-Prei-1
B Cl=F i im Yy ot frdwm. et
TE ST T AN T Y AL [ My dpor i
IR IR TN YR
SLOOPY Y L apid d
CTHE TRANSTITION MATHIX VI8
-

d bad L L L

Mk e QBN N DG

22
T R
<]

A6




TABLE A-8

EXAMPLE OF SECOND APL PROGRAM

Nel6

Ked

Hes &= k@y in
&

pe.S .

pERYﬂﬁ‘(/
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0, 0001631981201 0.0000190734844., D.5I67ABIL4ET7
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RANDON TARAFTING RESHL TS FOR 10 TARGETS
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